Infants' cross-modal functioning was investigated in two studies. In Study 1, 11-month-old infants were confronted with five different visual-tactual discrepancies created with a mirror arrangement. The infants' behavioral reactions to the discrepancies were compared with their behavior on matched control trials with a forced-choice judgment procedure. Infants detected discrepancies in which they saw an egg and felt a cube, saw a fur-covered cube and felt an egg, and saw a cross and felt a furcovered cube. However, they provided no evidence that they detected discrepancies in which they saw a cube and felt a cross or saw a cube and felt a fur-covered cube. In Study 2, infants were confronted with discrepancies that were the converse of those which seemed to go unnoticed in Study I: They saw either a cross or a fur-covered cube and felt a plain cube. Both of these new discrepancies were detected according to the forced-choice judgment procedure. The results indicate that texture as well as shape can serve as a basis for cross-modal matching for infants. The asymmetries in cross-modal matching that were observed across Studies 1 and 2 are interpreted as evidence that visual information plays a directive, goal-setting role for infants' manual explorations.
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haviors when the object they felt in a certain place was different from what they saw there. Finally, some investigators using an oral familiarization procedure have found that even 1-montholds exhibit visual-tactual matching (Gibson & Walker, 1984; Meltzoff& Borton, 1979) , which suggests that the ability is either innate or develops very early in life.
Also notable in the infant perception literature, though, are a number of instances of infants' failing to demonstrate visualtactual matching. These include some straightforward nonreplications (Brown & Gottfried, 1986) and also some more intriguing research in which the circumstances under which infants failed to match across modes are demarcated from those under which they exhibited matching. For example, under otherwise identical experimental conditions, infants have been observed to exhibit cross-modal matching with 60 s of familiarization but not with 30 s (Rose et al., 1981a (Rose et al., , 1981b , and with certain pairings of objects but not with others (Bryant et al., 1972; Rose et al., 198 Ib; Wagner & Sakovits, 1986) . Bushnell (1986) has also reported that 6-month-olds may evidence visual-tactual matching with everyday objects more readily if they have played with them as toys prior to the experimental procedure than if they have never seen and felt the objects before.
Such orderly successes and failures indicate that infant crossmodal matching should not be considered as a simple capacity to translate information between vision and touch (see Harris, 1983) or to perceive it in an amodal fashion (see Gibson, 1969 ).
Instead, it should be thought of as a perceptual activity that incorporates such a capacity but also involves a number of other factors. These additional factors have not been systematically investigated, however; hence, relatively little is known about the underlying bases for infants' responses on crossmodal tasks. Recently, several authors have pointed out that careful analyses of the conditions under which infants do and 601 do not evidence cross-modal matching may be useful for increasing our understanding of this behavior (Bushaell, 1986; Rose & Ruff, in press; Wagner & Sakovits, 1986) . In the research reported below, such a comparative approach was used to investigate the sorts of information that infants rely on to accomplish cross-modal matching. Infants were confronted with visual-tactual discrepancies involving pairs of objects similar to and different from one another in selected ways, and their ability to detect each of the various discrepancies was assessed.
Study 1

Method
Subjects. The final sample consisted of 100 infants (50 boys and 50 girls), each within 10 days of being exactly 11 months old (M age = 332 days). An additional 43 infants were tested but were not included in the final sample. Fourteen infants could not be included because of equipment failure or experimenter error, and 29 could not be included because they either flatly refused to reach for the stimulus in the first place or became fussy or distracted partway through the procedure. All participants were recruited by telephone solicitation based on public birth records and were reported by their parents to be full term and healthy.
Apparatus. A reaching box device described and illustrated by Bushnell (1982) was used to present the various discrepancies and control trials. The box measured 33 cm wide, 35 cm tall, and 30 cm deep. The front of the box was open, and there was a Plexiglas shelf midway between the ceiling and fioot There was a 9.6-cm square recess in the ceiling of the box and another in the floor, and a 10-cm X 15-cm halfsilvered mirror was mounted on the middle shelf. Objects could be attached to a metal disc in each recess. The object attached in the top recess was reflected by the mirror so that it appeared to be located in the bottom recess. Curtains across the bottom half of the apparatus prevented infants from directly seeing the bottom recess aad the object actually located there, but allowed them to reach toward and grasp that object. The object in the bottom recess was not visible through the mirror either, because the top portion of the box was brightly lit and the bottom object was darkly colored. The bottom object could not be taken out of the recess by the infants, but it could be moved from side to side; the attachment discs in the two recesses were connected so that when the bottom object was moved, the top one moved likewise. The motion of the objects caused a bell to ring; this arrangement motivated infants to interact with the apparatus even though they could not retrieve the object in it.
Through an opening in one side of the box, a video camera recorded each infant's manual behavior toward the object in the bottom recess. A second camera recorded the infant's visual behavior and facial expressions. The views from the two cameras were simultaneously recorded on one tape by means of a special-effects generator. The subject number, trial number, and running time were a!so recorded on the tape by means of a date-time generator.
Stimuli and design. The stimulus objects were three-dimensional forms, each approximately 5 cm x 5 cm x 5 cm in size. They included a wooden cube, a wooden cross, the top part of a plastic egg, and a wooden cube covered with fur; these are illustrated in Figure 1 . For each stimulus, there was a bright orange version for attachment in the top recess of the apparatus and a black or dark green version for attachment in the bottom recess. The two versions of the several objects were variously paired with one another to make five different kinds of discrepancy trials and matched control trials. The discrepancies were as follows: see the cube/feel the cross {Pair 1), see the egg/feel the cube {Pair 2), see the cube/feel the fur-covered cube (Pair 3), see the cross/feel the fur-covered cube (Pair 4), and see the fur-covered cube/feel the egg (Pair 5). On the control trial for each discrepancy, the object seen and the object felt were identical; both were the stimulus that served as the object felt on the corresponding discrepancy. The various discrepancies and their controls are shown for summary and reference in Figure 1 . Pair 1 involved two objects different in shape, but the shapes may be regarded as relatively similar. The cube and the cross both possess only straight edges, corners, and flat surfaces; they differ chiefly in the number of these elements and their distribution in space. Pair 2 also involved two objects different in shape, but in this case, the elements of the two shapes do not overlap-the cube possesses only straight edges, corners, and flat surfaces, whereas the egg has all curved edges and rounded surfaces. Because the difference between the objects exists at every locus, it was expected that the Pair 2 discrepancy would be readily detected by the infants. The results for Pair I would indicate whether infants are sensitive across modes to more subtle, configurational shape information as well. Pair 3 involved two objects identical in shape but different in texture. This discrepancy was included to determine whether infants respond cross-modally to texture as a salient and denning characteristic of objects. Pairs 4 and 5 were compilations of the shape and texture differences in Pairs 1 and 3 and Pairs 2 and 3, respectively; they were included so that responses to multidimensional differences could be assessed and compared with responses to the unidimensional differences ofPairs 1-3.
Each discrepancy and its matched control was presented to 20 infants-10 boys and 10 girls. Within each group of 10 boys orgiiis, the order in which the discrepancy and control trials were presented was counterbalanced. Before the presentation of the two experimental trials, each infant was presented at least one warm-up trial so that the experimenter could adjust the infant's positioning for optimal recording and so that the infant could become acquainted with how to interact with the box device. On the warm-up trials, the object seen and the object felt were identical to one another (as on control trials), and the stimulus used for each infant was one that was not involved on the experimental trials for that infant. Procedure. The infant sat on a booster seat on the floor of the laboratory room. An experimenter behind a cloth partition attached the stimulus objects appropriate for the upcoming trial to the apparatus. When the infant was settled and attentive, the prepared apparatus was moved into position in front of the infant. A second experimenter sitting beside the infant then encouraged the infant to grasp and manipulate the object visible in the box. Once the infant had voluntarily remained in contact with the object for about 0.5 s, the trial proper began. The experimenter behind the partition set the clock on the video equipment to run for 30 s, and the second experimenter ceased encouraging the infant and sat passively for the duration of the trial. When the clock indicated that the trial was over, the apparatus was removed to behind the partition, and the first experimenter prepared it for the next trial while the second experimenter entertained the infant. When the box was ready, it was repositioned in front of the infant and the same procedure was followed again.
Scoring. The data tapes were scored with a forced-choice judgment procedure designed to assess whether each of the visual-tactual discrepancies had been detected. For this procedure, a panel of four persons watched each infant's pair of experimental trials, attending to the presence, absence, and intensity of a variety of behaviors intuitively related to an infant's detection of discrepancy, including double takes, visual search, manual search, surprise, wariness, and so forth. From the infant's responses on the two trials, each observer independently made a decision as to which of the trials posed the discrepancy and which the control. Whether the observers were accurate more often than would be expected by chance could then be determined for each sort of discrepancy and could then be used as an indication of whether the infants had detected that discrepancy. This procedure is an adaptation of the forced-choice preferential looking technique originally described by Teller (1979) and now widely used to study the visual acuity of infants for motion, depth, contrast, and so forth. Particular advantages of the judgment procedure are that it can tolerate the substantial variability characteristic of infant responding and that it makes it possible for complex configurations of behavior and infrequent or unique behaviors to be incorporated into the analyses of data.
In the judgment procedure used in the research reported here, the four observers for each infant's pair of trials were selected from a pool of eight possible observers. These eight individuals were all familiar with infants' behavior in the experimental situation; they had studied videotapes of babies interacting with the box apparatus in a prior study (Bushnell, 1982) , and they had each assisted with the experimental procedure for a number of infants in the present study. However, the four observers designated to judge a given infant's trials were individuals who had not been involved in the experimental procedure for that particular infant; thus the judgments could not be biased by the observers' recognition of specific events and behavior sequences. Furthermore, the identity of the object the baby was seeing on each trial (whether the same as the bottom object or not) was not indicated on the videotapes, though, of course, the object the baby was touching was shown. Recall that for each pair of trials, the bottom object was the same object on the discrepancy trial as on the control trial (see Figure 1) . Thus, the observers' task was to watch the infant's responses to the (same) touched object on each of two trials and then, on the basis of any differential behavior, determine in which case the infant was experiencing a visual-tactual conflict.
The judgments of the 100 pairs of trials were made in a number of separate sessions conducted at intervals of several weeks. The pairs judged within each session included a random assortment of all five discrepancies and controls. During a judgment session, the video record of each pair of trials was played without comment by a fifth member of the pool of observers; the four individuals designated to judge that pair watched silently and marked their decisions down on paper. Each observer then reported his or her decision and briefly explained it to the video operator, who recorded the judgments and comments for later analysis. After the judgments were recorded for a given pair, the observers were told what the actual trial order was for that pair.
Results
The number of observers whose forced-choice judgments were correct was noted for each pair of trials. The numbers of pairs of trials for which none, one, two, three, and all four of the observers were correct for each of the different discrepancy types is shown in Table 1 . Also shown in Table 1 is the distribution over these categories that would be expected for 20 instances if each of the observers were guessing in every instance.
Because the expected values in the extreme categories are too small to use the x 2 test with this distribution, adjacent categories were combined in the following manner The panel of judges together was considered to have scored a "hit" (i.e., to have been correct) for a trial if either three or four of them individually were correct, and the panel was considered to have scored a "miss" if none, one, or two of them were correct. Table   1 shows the frequencies of hits and misses across the 20 trial pairs for each of the different discrepancies, and it also shows the distribution of hits and misses across 20 instances that would be expected if the observers were guessing in every instance. For each discrepancy type, the observed frequencies of hits and misses were compared with the expected frequencies with a one-sample x 2 test; the outcomes of these comparisons are indicated in Table 1 . As the table shows, the observers accurately identified the discrepancy and control trials for Pairs 2, 4, and S but did not do so for Pairs 1 and 3. Evidently, the infants responded differently and in a meaningful way on the discrepancy and control trials for the former three pairs but did not do so for the latter two pairs.
The observers explained their decisions mainly by citing a variety of behaviors as evidence that a given trial involved a discrepancy. The most commonly cited of these behaviors were several hand movements that suggested searching for something else, such as the hand's "groping" or "bobbing" on and off the object, the hand's "digging" in the recess to the side of the object, and the hand's "sweeping" over areas beyond the recess.
These manual behaviors were often considered important even when they were fleeting and constituted only a small portion of the hand's activity for a trial. In some cases, these behaviors were exhibited on both trials of a pair, but seemed more "convincing" or "intentional" on one trial, which was then judged to be the discrepancy. In addition to the hand behaviors, facial expressions (e.g., puzzled, sobering), intense or sustained inspection of the stimulus, and attempts to look under the mirror and through the curtains at the bottom object were also cited as evidence that a trial involved a discrepancy. The observers further explained some of their decisions by noting behaviors which convinced them that a given trial was not a discrepancy;
these included appropriate and confident grasping of the object, "playing" with the object such as patting it or moving it back and forth, and obvious boredom or disinterest in the stimulus.
Finally, the observers occasionally explained that they had perceived no meaningful differences in the infant's behavior on the two trials of a pair and had simply guessed for their decision. 
Discussion
The results for Study 1 indicate that the visual-tactual discrepancies in Pairs 2, 4, and 5 were detected by the infants. When confronted with these discrepancies, infants displayed behaviors, such as puzzlement and search, that enabled observers to distinguish the trials from matched control trials. These results corroborate the findings of prior research that infants in the second j-year of life are capable of visual-tactual matching.
More specifically, the results for Pair 2 indicate that infants are sensitive across modes to shape differences involving the presence versus absence of elements such as edges, angles, and curves. In this regard, it is notable that infants did not exhibit obvious puzzlement, search, and so forth on the discrepancy trial for Pair 1. Bryant et al. (1972) also found that infants did not evidence cross-modal matching when both of the test shapes consisted of all straight edges. One interpretation of these negative results is that infants may not be sensitive across modes to shape differences that involve merely different arrangements of the same kinds of elements. However, it is also possible that infants detected the discrepancy in Pair 1 but for some reason did not react to it in a way that was informative to the observers.
The differential results for Pairs 1 and 2 may also be interpreted as support for the notion that the amount of overlap between the two objects in a cross-modal matching task is an important determinant of performance (see Goodnow, 1971) . The Pair 1 discrepancy involved the difference between two shapes that share a number of corners, straight edges, and flat surfaces, and infants provided no clear evidence that they detected this difference. The Pair 2 discrepancy, however, involved the difference between two shapes that have no coincident parts, and infants did seem to detect this greater difference. Furthermore, infants evidently detected the two discrepancies that involved differences in both shape and texture (i.e., the discrepancies of Pair 4 and Pair 5), whereas the discrepancies to which they did not clearly react (i.e., the discrepancies of Pair 1 and Pair 3) each involved a difference along just one of these dimensions. Thus in these respects, the overall findings for Study 1 are consistent with the idea that the more similar two objects are, the more likely it is that infants will miss the difference between them on a cross-modal task just because their attention and exploration are generally not comprehensive.
The results are not entirely concordant with an explanation based on a stochastic model of infant exploration, however. The Pair 3 discrepancy involved objects that differed in texture at every locus; therefore, the difference could not have been passed over. Nevertheless, infants' behavior when confronted with this discrepancy was not different from their behavior on the matched control trial. As with the case of Pair 1, it is possible that infants detected the Pair 3 discrepancy but for some reason did not manifest their awareness of it. An absorption with stroking the palpable fur, for instance, could have precluded the expression of puzzlement, search, and so forth. It is also possible that the textures employed are ones that infants cannot discriminate or that texture is not taken by infants as a defining characteristic of objects. Contrary to these possibilities, though, is the fact that infants did react to the discrepancy of Pair 4, which also offers fur to touch and which involves the same texture discrepancy as Pair 3, albeit in combination with the Pair 1 shape discrepancy.
Another possible explanation for our results was brought to mind by the observers' comments about the infants' behavior on discrepancy trials. In explaining their decisions, the observers sometimes noted that an infant appeared to be "trying" to stroke the fur, "looking" (with the hands) for the apex of the egg, or adjusting the fingers to match the intersection of the cross. These readings of the infants' behavior suggest that the specific features mentioned may be conspicuous ones for infants relative to the plainness of the cube and that seeing objects marked by one or another of them may serve to define goals for infants' manual explorations. Thus noticing the absence of one of these features when it was visible (as in the Pair 2, 4, and 5 discrepancies) would be ensured, whereas noticing the presence of one of these features when it was not visible (as in the Pair 1 and 3 discrepancies) would be more a matter of happenstance. This idea of a directive role of visual information in crossmodal functioning was pursued in a second study.
Study 2
In Study 2, infants were confronted with two additional visual-tactual discrepancies. These involved the very same stimulus differences as were involved in the discrepancies of Pairs 1 and 3 in Study 1, which infants did not seem to detect. However, the Study 2 discrepancies presented the two objects in each case in the alternative visual-tactual arrangement, so that the featured member of each pair, rather than the plain cube, was available visually. Hence, following the idea that visual information guides manual behavior as discussed above, it was expected that infants would react to the Study 2 discrepancies.
Method
Subjects, The final sample for Study 2 consisted of 33 infants (16 boys and 17 girls), each within 10 days of being exactly 11 months old (Magi = 328 days); none of the infants had participated in Study 1. Nine additional infants were tested but could not be included in the final sample because of equipment failure or experimenter error, and 16 other infants were not included because they refused to ever reach into the apparatus or because they became fussy or distracted partway through the procedure. Infant participants were recruited in the same manner and with the same criteria as for Study 1.
Apparatus, stimuli, design, and procedure. The apparatus employed was the same reaching box that was used for Study 1. The stimulus objects included the cube, the cross, and the fur-covered cube described above for Study 1 (see Figure 1) . These stimuli were paired to make two visual-tactual discrepancies: These were Pair 6 (see the cross/ feel the cube) and Pair 7 (see the fur-covered cube/feel the cube). For each of these discrepancies, a corresponding control was constructed as in Study 1; consequently, the pairing of see-the-cube/feel-the-cube served as the control for both Study 2 discrepancies (see Figure I) .
Each of the discrepancies and its matched control trial was presented to 20 infants-10 boys and 10 girls. Within each group of 10 boys or girls, the order in which the discrepancy and control trials were presented was counterbalanced. Because the same pairing served as the control trial for Pairs 6 and 7, it was possible for certain prescribed orders to collect data for both pairs by presenting a given infant with three experimental trials (e.g., first a discrepancy trial, then the control trial, then the other discrepancy trial); this was accomplished in 7 cases, and thus the A equaled 33 infants. As in Study 1, each infant first participated in a warm-up trial, and then the experimental trials were presented in the assigned sequence following the same procedure as was used in Study 1.
Scoring. The data tapes for the 40 pairs of trials in Study 2 were scored with the forced-choice judgment technique described above for Study I. The pool of possible observers consisted of the same eight individuals who served as observers for Study 1, and as before, none of the four observers designated to judge a particular infant's trials had been involved in the experimental procedure for that infant. The judgments were made in several distinct sessions following the same procedure as was used in Study 1. The pairs judged within each session included a random ordering of instances of both discrepancies and their related control trials; in the few cases in which an infant provided data for both discrepancies, the infant's two pairs of trials were judged in separate sessions.
The data tapes for Study 2 (i.e., for Pairs 6 and 7) were also scored with another procedure, and the data tapes for the convene discrepancies in Study 1 (i.e., for Pairs 1 and 3) were scored with this second procedure as well. The purpose of the second scoring procedure was to analyze the infants' manual activity so that its relation to the nature of the seen object on the different discrepancies could be examined. Several categories of manual behavior thought to represent specific ways of responding to the stimulus were developed on the basis of the observers' comments from the forced-choice judgment procedure. The categories and their operational definitions are as follows: (a) "hovering," when the index finger (and typically the rest of the hand) was above but not in contact with the object in the bottom recess; (b) "poking" (and scratching), when the index finger was in contact with just the top surface of the object; (c) "gripping," when the fingertips were in contact with the sides of the object, with the palm of the hand resting on or above the top surface; (d) "digging," when the fingers were extended down between the side(s) of the object and the wall(s) of the recess, with the palm of the hand not resting on or above the top surface of the object; and (e) "sweeping," when the hand was in the apparatus but neither in or above the recess nor on or above the object. Hovering and poking are manual behaviors that the observers took to represent searching for particular object features such as the cross's intersection and the fur. Thus it was expected that these behaviors would be most evident on discrepancy trials where these features were visible but not tangible. Digging and sweeping are behaviors that the observers interpreted as manual searching for another object; hence, these behaviors were expected to be exhibited more extensively on discrepancy trials than on control trials, provided the discrepancy was detected. Finally, gripping is a behavior that the observers associated with both exploration and play, and it was not expected to be more prevalent on any one sort of trial than on another.
The data tapes were scored for hovering, poking, and so forth by making use of the record of running time displayed on the tapes. For each trial, an observer reviewed the video tape recording and noted the clock time whenever the hand changed posture from one category to another or, alternatively, was removed from the apparatus altogether. The observer also noted the clock time whenever the infant ceased and resumed looking in the box at the visually presented object. From these records, it was possible to calculate the duration of time that each hand behavior was exhibited with visual attention. Only hand behavior accompanied by visual attention was considered because only in this event was it clear that the hand's activity was intentional and task related. Two observers scored data tapes for the hand behaviors, each of them scoring approximately half of the trial pairs. Ten randomly selected trial pairs were scored by both observers (independently) in order to assess interobserver reliability. Pearson product-moment correlation coefficients between the two scorings for these trial pairs were .88, .94, .92, .82, and .77 for hovering, poking, gripping, digging, and sweeping, respectively.
Results
Forced-choice judgments. The numbers of pairs of trials for which none, one, two, three, and all four of the observers made correct judgments for each of the Study 2 discrepancies (Pairs 6 and 7) are shown in Table 1 . These data were collapsed into hits and misses as for Study 1, and the observed frequencies of hits and misses over the 20 pairs for each discrepancy were compared with the frequencies expected by chance with a onesample x 2 test. As Table 1 shows, the observers accurately identified the discrepancy and control trials for both Pair 6 and Pair 7. The observers generally explained their decisions regarding the Study 2 trial pairs by citing the same sorts of behaviors as in Study 1, namely, manual activities, facial expressions, and so forth. The distribution of hits and misses for Pair 6 was also compared with the distribution for its converse pair, Pair 1, and the distribution for Pair 7 was compared with that for its con- Note. FNVD = feature not visible discrepancy; FVD = feature visible discrepancy (see Figure 1 ). * .05 <p < .10, one-tailed. **p < .05, one-tailed. **'p < .01, one-tailed.
verse, Pair 3, with two-sample x 2 tests. These tests indicated that in each case the distribution for the Study 2 pair was significantly different from that for the Study 1 pair, x 2 0> N = 40) = 4.9, p < .05, for Pairs 6 and 1; x 2 (U N = 40) = 8.9, p < .01, for Pairs 7 and 3. Thus the observers were able to more accurately distinguish discrepancy and control trials when the discrepancy offered a particular feature to vision but not to touch than when the discrepancy offered the same feature to touch but not to vision.
1
Manual behaviors. The mean numbers of seconds that infants engaged in each of the manual behaviors on the discrepancy and control trials for Pairs 1,6, 3, and 7 are displayed in Table 2 . Omnibus analyses of variance (ANOVAS) revealed no systematic effects of sex or order but indicated several effects related to the object pairs involved. Consequently, in further analyses the data for the pairs involving the cross and the pairs involving the fur-covered cube were considered separately. For each behavior and each pair, a correlated t test was conducted to compare the infants' responses on the discrepancy trial with their responses on the control trial. The outcomes of these comparisons are indicated in Table 2 .
The results for the pairs involving the fur-covered cube, Pairs 3 and 7, are clear cut and coherent. Hovering, poking, digging, and sweeping were all most prevalent on the trial where the furcovered cube was visible but not tangible, that is, on the discrepancy trial for Pair 7. Furthermore, infants exhibited these behaviors for longer durations on that trial than on the matched control trial. However, on the Pair 3 discrepancy trial, where the fur-covered cube was not visible though it was tangible, none of the hand behaviors were exhibited to a greater extent than on the matched control trial. The consistent pattern of differences between trials for Pair 7 but not for Pair 3 corresponds to the judgment results for these pairs, in that the observers were able to accurately distinguish the two trials for Pair 7 but not for Pair 3.
The results for the pairs involving the cross, Pairs 1 and 6, are less systematic. Hovering was more prevalent on the discrepancy trial where the cross was visible but not tangible (Pair 6) than on the matched control trial. However, hovering was actually most prevalent on the control trial for Pair 1, where the cross was both visible and tangible. With regard to poking, digging, and sweeping, there were no significant differences between the infants' responses on the two trials within Pair 1 or within Pair 6. ' Because they had been given feedback during the judgment procedure of Study 1, the question of whether the observers weren't simply more sensitive to the relevant behaviors in Study 2 naturally arises. Consequently, the judgment data were examined in several ways to determine whether practice effects had in feet occurred. The performance of individual observers across trials in Study 1 was analyzed, the performance of inexperienced observers was compared with that of experienced observers in two instances, and a panel's decisions for a subset of Study 1 trials that were rescored during Study 2 were compared with their earlier decisions for the same trials. In no case was there any evidence that order or practice effects obtained. Thus the differences in the results of Study 2 as compared with Study 1 reflect differences in the infants' behavior rather than improvements in the judges' abilities. Observers were probably already as sensitive to the relevant behaviors as they could get at the outset of Study 1, on account of their general experience with infants, their understanding of the experimental situation, and their training with tapes from prior studies.
Discussion
The results for Study 2 indicate, first of all, that the discrepancy of Pair 7 was detected by the infants. Observers were able to accurately distinguish the Pair 7 discrepancy trial from the control trial from watching the infants' responses, and the hand behavior results confirm that on the discrepancy trial, infants repeatedly adjusted their hands, checked the surface of the object, and searched for something other than what they contacted. That infants detected the Pair 7 discrepancy makes it clear that the textures employed (furry vs. smooth) are discriminable both visually and factually for 11-month-old infants, because within-mode discriminability is a logical prerequisite to successful cross-modal matching. The results also establish that object texture can serve as a basis for cross-modal matching for infants. Previous research has focused almost exclusively on shape as a basis for matching, and thus the findings for Pair 7 extend the list of amodal predicates to which infants are sensitive.
The results for Pair 6 of Study 2 are more complicated. Observers were able to accurately distinguish the discrepancy trial from the control trial on the basis of the infants' responses, suggesting that the discrepancy was detected; however, the fact that none of the assessed hand behaviors was exclusively related to the discrepancy trial raises the possibility that infants may not have detected the Pair 6 discrepancy, the observers' accuracy notwithstanding. In this event, the accuracy of the observers for Pair 6 may be explained by supposing that they focused on the invalid cue of hovering, which infants tended to engage in more when they saw the cross than when they saw the cube (but as much when the cross was available to touch as when it was not).
This interpretation is especially plausible in light of the observers' rather striking inaccuracy for Pair 1, which would also follow from attention to hovering. However, it is also possible that the observers' judgments were valid, that the infants actually did detect the Pair 6 discrepancy, although they did not manifest it with their hand behaviors. As support for this interpretation, an examination of the judgment protocols revealed that in making their Pair 6 decisions, the judges attended not just to hovering but also to other behaviors more clearly related to the perception of discrepancy. For instance, they cited responses such as wariness, searching, peeking, and double takes more than twice as often for their accurate Pair 6 judgments than for their inaccurate Pair 1 judgments (26 citings vs. 10 citings). Interpreted in this positive way, the results for Pair 6 show that infants may be able to perceive configurational shape information across modes under some circumstances.
When the results for Study 2 are considered together with the results for Study 1, some intriguing asymmetries in crossmodal matching are discernible. It seems that the texture discrepancy between the fur-covered cube and the plain cube was detected when the objects were presented in one visual-tactual arrangement (viz., the fur-covered cube/cube discrepancy of Pair 7), whereas it may have gone unnoticed when the same objects were presented in the alternative arrangement (viz., the cube/fur-covered cube discrepancy of Pair 3). The evidence for an analogous asymmetry in the case of configurational shape is less persuasive, because the results of the hand behavior analyses render the observers' accurate judgments for Pair 6 ambiguous. However, the interpretation of the results supported by the judgment commentaries is that infants detected the cross/cube discrepancy of Pair 6 but not the cube/cross discrepancy of Pairl.
Other researchers have also observed asymmetries in crossmodal matching by infants, children, and adults (see Jones, 1981 , for a comprehensive review; also see Rose, 1986; Streri, Pecheux, & Vurpillot, 1984) . As Jones (1981) points out, such asymmetries have been observed predominantly in successive matching-to-sample paradigms, but not in simultaneous matching-to-sample paradigms. In almost all cases, the asymmetry noted is that matching is more accurate when the standard is presented visually and the subsequent choices for comparison are presented factually than when the standard is presented factually and the choices visually. This asymmetry is generally attributed to the fact that visual exploration of an object readily yields a "unitary image" for storage, whereas tactual exploration is less likely to do so because of its sequential nature (see Abravanel, 1981; Jones, 1981) . The quality of the memory image of the standard is important for cross-modal matching because it presumably guides the exploration of the comparison items.
The account just described cannot explain the asymmetries that infants seemed to exhibit in our task, however, because the visual and tactual stimuli were not presented successively. Although infants undoubtedly saw the visible object before they touched the palpable object, both stimuli were available throughout the trial. Thus memory for a visual or tactual standard was not necessary. Instead, we think that the proposed directive role of visual information for infants' manual exploration may explain the asymmetries suggested by our results. In the clear-cut case of Pair 7 compared with Pair 3, as well as in the more dubious case of Pair 6 compared with Pair 1, the discrepancy that seemed to be detected was the arrangement in which the marked member of the object pair (i.e., the one with a certain intricacy or feature present rather than absent) was offered visually and the unmarked member was offered factually. This pattern of results is consistent with the idea that visual information defines the parameters for manual exploration to focus on; it sets the agenda for the hands, as it were. Thus, the scenario implied for the Pair 7 discrepancy, for example, is that on account of seeing the furry texture, infants deliberately set out to feel it with their hands. Because they were expecting to encounter the fur specifically, they noticed its absence upon contacting the smooth cube and reacted accordingly, mainly by continuing to seek it in a variety of ways. Alternatively, for the Pair 3 discrepancy, infants presumably did not reach for the object, attending to the dimension of texture, because no special texture was visible to direct them to do so. Instead, they reached for a cube, and indeed they contacted a cube. Because texture was not prominent in the first place, they did not especially notice that the cube felt furry rather than smooth, and hence they did not exhibit surprise on continued search.
The directive role of visual information advocated above is related to the phenomenon of anticipatory hand-shaping, in which the hand's posture is adjusted to the nature of an object as the object is reached for (i.e., prior to contact, on the basis of seeing it). Reports in the literature indicate that anticipatory hand-shaping emerges by about the J mark of the I st year (see Lockman, Ashmead, & Bushnell, 1984; Pieraut-ie Bonniec, 198$) . However, our explanation for the asymmetries in crossmodal matching under discussion implies that the role of visual information goes beyond just guiding the hand's motor movements; visual information may also direct infants' manual activities in a more cognitive sense, by establishing a mental set regarding the object characteristics to which the hand will be sensitive. ple, if a tactually presented feature was an extreme one, its visual absence in a discrepancy trial might well be noted. Similarly, in the uncommon event that an object was encountered tactually prior to visually, tactual information might dominate and set expectations for vision rather than the other way around.
The essential point is that infants' cross-modal or multimodal functioning in any given instance may be constrained by exploratory and attentional tendencies and the relation of these to the object properties involved. An important goal for further research is to identify the interactions among these factors that typically obtain during infancy.
